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Effect of different doses of hydrated C60 fullerene nanoparticles on ram semen during
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Abstract: The aim of this study was to determine the effect of different doses of hydrated C60 fullerene (C60HyFn) nanoparticles on
ram semen during cool storage at 5 °C. Semen samples were collected from 7 healthy Akkaraman rams by artificial vagina during
nonbreeding season (April) 3 times for two weeks (3 replications), and samples having good initial sperm motility (> 70 %) and count
(> 2 billion / mL) were pooled and diluted with tris-egg yolk based extender at 37 °C. Then, the diluted semen samples were divided into
15 aliquots control and 14 different C60HyFn groups (25 nM, 50 nM, 100 nM, 200 nM, 400 nM, 800 nM, 1 µM, 5 µM, 10 µM, 20 µM,
40 µM, 60 µM, 80 µM, and 100 µM), and stored at 5 °C up to 144th h. The motility (total, progressive, rapid, medium, slow, and static),
kinematic (VCL, VSL, VAP, LIN, STR, WOB, ALH, and BCF), and some other spermatological parameters (dead, abnormal, damaged
acrosome, and membrane intactness) were examined at 0, 12, 24, 48, 72, 96, 120, and 144th h. All C60HyFn doses except 25 nM, 50 nM,
60 µM, 80 µM, and 100 µM had numerically higher total and progressive motility, membrane intactness and numerically lower static,
dead and total abnormal spermatozoon ratios at the end of 144th h than control. The differences between 400 nM dose and control in
membrane intactness, and also between 400, 800 nM doses and control in dead spermatozoon ratio were statistically significant (P <
0.0125). In conclusion, it is suggested that supplementation of any doses of C60HyFn between 100 nM and 40 µM may be beneficial to
keep some spermatological parameters at high level during the short-term storage of ram semen at 5 °C.
Key words: Hydrated C60 fullerene, cool storage, spermatozoon, ram

1. Introduction
Under field conditions, the low success rate obtained from
intracervical insemination with frozen-thawed ram semen
in ewes is a reason why short-term storage of semen at 5 °C
is still available to rams compared to the bulls. Nevertheless,
marked reductions have been observed in the pregnancy
rates obtained from intracervical insemination performed
by ram semen stored for more than 24 h at 5 °C [1]. Shortterm storage process commonly causes some biochemical
reactions in semen due to the cold environment. The most
important of these reactions is oxidative stress. Increases
in reactive oxygen species (ROS) levels during coolstorage have been reported to cause peroxidation of lipids
in the spermatozoon membrane [2, 3]. Thus, increased
lipid peroxidation (LPO) has been associated with
decreased motility, increased morphological disorder,
increased acrosomal damage, decreased membrane

integrity, increased dead spermatozoon ratio, decreased
mitochondrial activity, and increased DNA damage [2, 4].
The above-mentioned damages related to LPO induced
by cool storage are much more common in rams due
to the high unsaturated fatty acid content of the plasma
membrane of spermatozoa [5, 6]. On the other hand, it is
suggested that these damages in ram spermatozoa are also
related to the diluents used [7, 8], and that tris + egg yolk
and tris + soy lecithin diluents are more effective in shortterm storage than milk powder diluent [8].
There are numerous studies involving many antioxidant
substances supplemented to ram semen during short-term
storage in order to prevent damage to the spermatozoa and
to ensure the long-term viability of spermatozoa. Because
antioxidants have the ability to protect spermatozoa against
ROS attacks and LPO damages, increased ROS levels
during short-term storage may strongly be scavenged by
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enzymatic and nonenzymatic antioxidant additives [2,
4]. Fullerenes have been extensively investigated for their
unique physicchemical properties and biological activities
since they were discovered in 1985 [9–11]. Carbon 60 (C60)
fullerene is practically insoluble in water and this situation
limits its biomedical application fields [12]. However, it is
emphasized that the C60 fullerene nanoparticles prepared
by different chemical dissolution and modification
methods exhibit very different biological effects. Some
functional fullerene derivatives have been reported to
show significant toxic effects in vivo and in vitro, and toxic
responses are largely related to the chemical structure of
the functional solvents bound to C60, but not related to
the basic structure of it [13]. Currently, a water-soluble
nanotechnological method has been developed without
using any solvent or stabilizer to produce C60 fullerene.
The product was named as hydrated C60 fullerene,
(C60HyFn). Chemically, C60HyFn water molecules are
highly hydrophilic [14]. The positive effects of C60HyFn
have been proven to be mainly determined by the unique
bio-antioxidant properties that occur unexpectedly, even
at super small concentrations and doses [15, 16]. To our
knowledge, to date, there are two scientific studies about
the in vitro effect of C60HyFn on the quality of semen
exposed to low temperature. Although, the positive
effects of different doses of C60HyFn on human [17] and
boar [18] semen were observed in those studies, there is
no evidence related to its effect on ram semen incubated
in low temperature. That’s why this study was conducted
to determine the effect of different doses of C60HyFn on
ram semen during cool-storage at 5 °C by examining the
changes in motility and kinematic parameters, membrane
integrity, vitality, and morphology of spermatozoa.
2. Materials and methods
2.1. Chemicals
C60HyFn was purchased from IPAC Co. (FWS 144 mg / L
= 200 µM, 10 mL, Kharkiv, Ukraine). Penicillin (penicillin
G potassium, 1.000.000 IU) and streptomycin (crystallized
streptomycin sulphate, 1 g) were supplied from I.E. Ulagay
Co. (İstanbul, Turkey). Diff-Quick rapid staining set was
purchased from Gündüz-Kimya Co. (İstanbul, Turkey).
Tris (hydroxymetyl) aminomethane, fructose, glucose,
citric acid, eosin, nigrosine, and sodium citrate were
supplied from Sigma Chemical Co. (St. Louis, MO, USA).
2.2. Animals, semen collection and dilution
The study protocol was approved by Fırat University
Animal Experimentations Local Ethics Committee
(Protocol No: 2016 / 149). In the study, 7 Akkaraman breed
rams that are free of systemic and genital organ diseases
and at the age of 1.5 years were used as animal material. The
animals were housed in Fırat University Animal Hospital
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Hospitalisation Unit during the study. Before and during
the study, the rams were fed with concentrated food (350
g / animal / day), hay (1 kg / animal / day), crushed barley
(350 g / animal / day), and dried grape (100 g / animal /
day), and drinking water was given ad libitum.
A total of 3 ejaculates were taken from each ram for
2 weeks by artificial vagina during nonbreeding season
(April); so 3 repetitions were performed. Ejaculates having
good initial motility (> 70 %) and concentration (> 2 billion
/ mL) were evaluated. On the day of semen collection,
C60HyFn stock solutions were prepared by diluting it with
distilled water to obtain 14 different C60HyFn dose groups.
In addition, 100 mL tris + egg yolk based extender [297.58
mM tris (hydroxymetyl) aminomethane + 96.32 mM citric
acid + 82.66 mM fructose + 100.000 IU penicillin + 100
mg streptomycin + 15 mL egg yolk + enough distilled
water to complete to 100 mL] [19] was also prepared, and
the eggs were purchased from Fırat University, Agriculture
and Livestock Research Centre. The ejaculates collected
from each ram were mixed at 37 °C. Pooled ejaculates were
divided into 15 equal volumes and diluted with tris + egg
yolk extender containing 400 million motile spermatozoa
per mL extender at 37 °C being 14 different C60HyFn
groups (25 nM, 50 nM, 100 nM, 200 nM, 400 nM, 800
nM, 1 µM, 5 µM, 10 µM, 20 µM, 40 µM, 60 µM, 80 µM,
and 100 µM) and control group (not containing C60HyFn),
they were then placed in a cooling cabinet at 5 °C. After
the temperature of the diluted semen samples was cooled
to 5 °C, the samples were stored at this temperature and
spermatological examinations were performed at 0, 12, 24,
48, 72, 96, 120, and 144th h.
2.3. Spermatological examinations
2.3.1. Motility and kinematic parameters
Motility and kinematic parameters were analysed by
computer assisted sperm analyser (CASA, ISASv1, Proiser,
Spain). Cooled semen samples were further diluted with
tris buffer solution [tris (hydroxymethyl) aminomethane
0.3 M + glucose 0.027 M + citric acid + 0.1 M + distilled
water 100 mL] in an Eppendorf tube at 37 °C. For the
analysis, 3.5 µL of extra diluted samples with tris buffer were
dropped onto a special slide (Spermtrack 20 µm) placed
on the heated stage of the phase-contrast microscope
microscope kelimesinden sonra (Nikon, Tokyo, Japan)
connected to the CASA system. Total, progressive, rapid,
medium, and slow motility ratios (%), static spermatozoon
ratio (%) and values belonging to kinematic parameters
[VCL: curvilinear velocity (μm / s); VSL: straight line
velocity (μm / s); VAP: average path velocity (μm / s); LIN:
linearity index (%); STR: straightness index (%), WOB:
wobble (oscillation) index (%); ALH: average amplitude of
lateral head moving (μm); BCF: beat cross frequency (Hz)]
were recorded. The speed range of the CASA, which was
adjusted for rams by the manufacturer, was static < 10 µm
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/ s < slow < 45 µm / s < medium < 75 µm / s < rapid. The
particle size range of the CASA was 15–70 µm.
2.3.2. Membrane intactness (Hypo-osmotic swelling,
HOS) ratio
One hundred µL of the cooled semen samples were
further extended with 400 µL of tris buffer solution at
37 °C. Then, 50 µL were taken from the mixture of tris
buffer-cooled semen samples and mixed with 500 µL of
hypotonic solution (0.49 g citric acid + 0.9 g fructose +
100 mL distilled water) and incubated in an incubator at
37 °C for 60 min. After incubation, 30 µL were taken from
the mixture and 200 spermatozoa were examined at 40×
magnification of the phase-contrast microscope. The ratio
of intact spermatozoa with swollen and curved tail was
expressed as a percentage [20].
2.3.3. Morphological and acrosomal damage ratio
Smears were done using 75 microliter of tris buffercooled semen mixture prepared for HOS test, and they
were dried in air for 5-10 min. Commercial Diff - Quick
rapid staining set was used for staining. For this purpose,
as recommended by the manufacturer, the smears were
stained by immersing them to A, B, and C solutions of the
staining set for 10 s, 6 s and 6 s, respectively. The stained
smears were washed with distilled water for approximately
one minute and air dried. The smears were then examined
using 60 or 100× magnification of the phase-contrast
microscope. A total of 200 spermatozoa were examined
in each smear and the ratio of spermatozoa having both
abnormal shape (head, tail, and total) and acrosomal
damage was expressed as percentage.
2.3.4. Dead spermatozoon ratio
Fifty µL of the cooled semen samples were further
extended with 50 µL of tris buffer solution at 37 °C. 50
µL of tris buffer-cooled semen mixture were taken and
dropped onto the heated slide at 37 °C. Then, 3 drops of
eosin-nigrosin dye (1.67 % eosin + 10 % nigrosine + 0.1
M sodium citrate + 100 mL distilled water) were placed
on the mixture and mixed. Smears were prepared from tris
buffer-cooled semen staining solution and dried for 5–10
s. The smears were examined using 40× magnification of
the phase-contrast microscope. A total of 200 spermatozoa
were examined in each smear and the spermatozoa of
which heads with pink colour were considered dead. The
dead spermatozoon ratio was expressed as percentage [21].
2.4. Statistical analysis
All statistical analyses were performed using SPSS (Version
22.0, Inc, Chicago, IL, USA). Values are presented as mean
± standard error of means (SEM). Two-way analyses
of variance with Bonferroni correction for repeated
measurements was used to determine whether there is
an interaction between time periods (8 time periods)
and groups (15 groups) in terms of spermatological

examinations. After the determination of an interaction,
nonparametric Wilcoxon test with Bonferroni correction
to compare time points in each group and nonparametric
Mann–Whitney U test with Bonferroni correction to
compare groups in each time point were then used. In order
not to decrease the power in the repeated measurements
with Bonferroni correction, α value (significance level)
was taken to be 0.10. The number of comparisons (k) for
the difference between the groups in the same time point
was determined as 8 because the groups were compared
for each of the 8 different time points. Therefore, the
significance level for group comparisons in the same time
point was set at P < 0.0125 (0.10 / 8 = 0.0125). Similarly, the
number of dual comparisons (k) for the difference between
time points in each group was calculated to be 28 (0 vs 12,
0 vs 24, 0 vs 48, 0 vs 72, 0 vs 96, 0 vs 120, 0 vs 144, 12
vs 24……….. and 120 vs 144). That’s why the significance
level for time point comparisons in the same group was set
at P < 0.00357 (0.10 / 28 = 0.00357). However, since the
significance level less than 0.01 is not desired in such tests,
P < 0.01 was considered to be significant for time point
comparisons in the same group [22].
3. Results
The data in different time points for each motility parameter
(total, progressive, rapid, medium, slow, and static),
each kinematic parameter (VCL, VSL, VAP, LIN, STR,
WOB, ALH, and BCF) and each of other spermatological
parameters (dead, head anomaly, tail anomaly, total
anomaly, acrosomal damage, and HOS) were not presented
to reduce table numbers, but the findings associated with
them were presented only as text. Since the effectiveness of
any substance in in vitro incubation is generally evaluated
by considering the data to be obtained at the end of the
storage period, only the data at 144th h for each parameter
was presented as tables in this study.
3.1. Motility parameters
With respect to total, progressive, rapid, medium, slow
motility, and static spermatozoon ratios at different time
points (data not shown), the time-dependent regular
decreases in total, progressive, and rapid motility ratios
and also regular increases in static spermatozoon ratio
were detected between time points in each group (P <
0.01). However, in medium and slow motility ratios, the
time-dependent regular increases and/or decreases were
not determined.
The data only at 144th h belonging to motility
parameters are presented in Table 1. Compared to the
control, although there were no statistically significant
differences between the groups, 100 nM, 200 nM, 400 nM,
800 nM, 1 µM, 5 µM, 10 µM, 20 µM, and 40 µM C60HyFn
doses had numerically higher total and progressive
motility ratios along with numerically lower static
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Table 1. The spermatozoon motility parameters belonging to control and hydrated C60 fullerene (C60HyFn)-supplemented ram semen at
the end of short-storage period (144th h) at 5 °C.
Motility parameters
Group

Total
(%)

Progressive
(%)

Rapid
(%)

Medium
(%)

Slow
(%)

Control

52.61 ± 3.34

15.37 ± 0.92

25.61 ± 4.88B

14.76 ± 4.04

12.24 ± 1.51AB

47.39 ± 3.34

25 nM

47.51 ± 3.31

14.24 ± 2.74

AB

17.48 ± 3.32

18.33 ± 3.68

AB

11.72 ± 1.62

52.49 ± 3.31

50 nM

50.18 ± 2.88

14.89 ± 2.76

21.09 ± 4.40AB

16.01 ± 2.76

13.08 ± 2.45AB

49.82 ± 2.88

100 nM

54.72 ± 4.48

19.42 ± 2.67

18.30 ± 3.39

25.17 ± 4.14

11.25 ± 1.26

45.28 ± 4.47

200 nM

55.51 ± 4.68

18.86 ± 3.05

22.03 ± 6.79B

17.87 ± 2.36

15.61 ± 1.93ABC

44.49 ± 4.68

400 nM

56.18 ± 4.46

18.34 ± 2.09

B

30.77 ± 3.77

15.00 ± 1.97

10.41 ± 1.70

43.82 ± 4.46

800 nM

61.34 ± 3.69

20.63 ± 1.70

21.49 ± 4.67B

25.42 ± 4.95

14.43 ± 1.57ABC

38.66 ± 3.69

1 µM

52.72 ± 5.47

17.16 ± 3.12

B

21.96 ± 4.56

20.99 ± 2.55

9.77 ± 1.36

47.28 ± 5.47

5 µM

56.22 ± 3.25

18.40 ± 2.47

26.89 ± 3.33B

17.69 ± 1.42

11.63 ± 1.74AB

43.78 ± 3.25

10 µM

59.50 ± 2.46

18.71 ± 1.36

B

25.83 ± 5.42

21.80 ± 3.14

AB

11.87 ± 1.79

40.50 ± 2.46

20 µM

53.16 ± 3.04

17.76 ± 1.38

21.83 ± 4.90B

18.41 ± 3.79

12.91 ± 3.16AB

46.84 ± 3.04

40 µM

59.23 ± 2.43

20.38 ± 2.28

26.08 ± 6.88

19.80 ± 5.93

13.35 ± 3.01

40.77 ± 2.43

60 µM

45.25 ± 5.07

14.23 ± 4.45

14.17 ± 5.70

12.35 ± 3.02

18.73 ± 3.56

54.75 ± 5.07

80 µM

41.03 ± 5.70

8.40 ± 2.71

3.90 ± 1.39A

13.55 ± 4.60

23.58 ± 2.27D

58.97 ± 5.70

100 µM

51.07 ± 4.55

13.61 ± 4.50

17.70 ± 6.84

12.58 ± 3.23

20.80 ± 4.40

48.93 ± 4.55

AB

B
AB

AB

Static
(%)

AB

A

A

AB
BCD

CD

The letters (A, B, C, D) in the same column show significant (P < 0.0125) differences between the groups.

spermatozoon ratio. On the other hand, 25 nM, 50 nM, 60
µM, 80 µM, and 100 µM doses had numerically lower total
and progressive motility ratios along with numerically
higher static spermatozoon ratio. However, these doses
couldn’t show the same effects, which were observed in
other motility parameters, on rapid, medium, and slow
motility ratios. In other words, some of the doses between
100 nM and 40 µM increased the rapid, medium, or slow
motility ratios though some of them decreased. While
only 80 µM C60HyFn caused a statistically significant (P <
0.0125) decrease in rapid motility ratio, 80 µM and 100 µM
doses led to statistically significant (P < 0.0125) increase in
slow motility ratio.
3.2. Kinematic parameters
With regard to VCL, VSL, VAP, LIN, STR, WOB, ALH, and
BCF values at different time points (data not shown), VCL,
VSL, VAP values at each time points up to 72nd h and after
72nd h in almost all groups were determined to be ~ 100–
120 and ~ 80 - 100 μm / s, ~ 50–60 and ~ 35–50 μm / s,
~ 80–100 and ~ 50–65 μm / s, respectively and statistical
differences (P < 0.01) were found between some time
points in the same group with regard to these parameters.
A tendency to decrease was observed in VCL, VSL, and
VAP values after 72nd h. Besides, the changes regardless
of time were observed in the same group in terms of LIN,
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STR, WOB, ALH, and BCF values. While these changes
observed in STR and WOB values between some time
points in each group reached statistical significance (P <
0.01) but not in LIN, ALH, and BCF values.
The data only at 144th h belonging to kinematic
parameters are shown in Table 2. Although there were
significant (P < 0.0125) differences in VCL values between
the groups, any dose of C60HyFn didn’t affect VCL values
significantly compared to the control. Only 80 µM
C60HyFn addition to semen caused significant (P < 0.0125)
diminution in VAP values in comparison with the control.
The changes observed in other kinematic parameters
between the groups were statistically insignificant.
However, as in total, progressive motility and static
spermatozoon parameters, regular dose-dependent
increments/decrements were not detected.
3.3. Other spermatological parameters
In terms of dead, head abnormality, tail abnormality,
total abnormality, acrosomal damage, and HOS ratios at
different time points (data not shown), the time-dependent
significant (P < 0.01) enhancements in dead spermatozoon
ratio and time-dependent significant (P < 0.01) reductions
in HOS ratio were determined in each group. With respect
to other parameters, the changes regardless of time in the
same group were not statistically significant.
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Table 2. The kinematic parameters belonging to control and hydrated C60 fullerene (C60HyFn)-supplemented ram semen at the end of
short-storage period (144th h) at 5 °C.
Kinematic parameters
Group

VCL
(µm / s)

VSL
(µm / s)

VAP
(µm / s)

LIN
(%)

STR
(%)

WOB
(%)

ALH
(µm)

BCF
(Hz)

Control

91.11 ± 5.16ABC

41.20 ± 1.95

66.29 ± 4.72B

25 nM

ABC

45.49 ± 1.62

62.89 ± 2.32

72.53 ± 1.89

3.00 ± 0.10

9.43 ± 0.48

40.52 ± 2.16

B

94.69 ± 7.47

50 nM

100.58 ± 5.56AC

60.20 ± 3.26

43.98 ± 2.78

68.08 ± 3.65

65.07 ± 3.30

3.27 ± 0.23

10.22 ± 0.55

46.12 ± 4.46

73.47 ± 5.80B

45.22 ± 2.45

62.44 ± 2.85

72.48 ± 2.29

3.18 ± 0.21

11.07 ± 0.58

100 nM
200 nM

76.17 ± 4.75

37.52 ± 3.72

55.04 ± 4.63

48.62 ± 2.45

67.70 ± 1.87

71.54 ± 1.95

2.70 ± 0.16

10.17 ± 0.53

90.40 ± 6.59ABC

44.01 ± 4.90

63.06 ± 6.27B

48.00 ± 2.53

69.52 ± 2.31

69.09 ± 2.79

3.59 ± 0.27

10.44 ± 0.47

400 nM

AC

107.97 ± 6.98

46.06 ± 2.25

B

72.32 ± 3.22

43.82 ± 2.89

63.84 ± 1.77

68.42 ± 3.74

3.51 ± 0.24

9.88 ± 0.41

800 nM

89.79 ± 3.85ABC

42.80 ± 2.46

62.67 ± 3.90B

49.21 ± 3.01

69.12 ± 2.95

69.37 ± 2.55

2.92 ± 0.08

9.92 ± 0.46

1 µM

88.18 ± 4.24

42.12 ± 3.46

B

65.47 ± 4.15

47.38 ± 1.95

64.18 ± 2.11

73.87 ± 1.93

2.89 ± 0.09

10.70 ± 0.64

5 µM

98.24 ± 3.06C

41.78 ± 2.80

66.37 ± 3.49B

42.53 ± 2.48

62.94 ± 2.53

67.86 ± 3.58

3.17 ± 0.17

9.89 ± 0.53

10 µM

95.36 ± 7.96

41.83 ± 6.43

B

64.86 ± 8.93

41.99 ± 3.51

63.89 ± 2.36

65.54 ± 4.62

2.98 ± 0.20

11.49 ± 0.83

20 µM

100.88 ± 8.33ABC

40.31 ± 5.73

65.34 ± 8.39B

39.07 ± 3.17

61.48 ± 2.68

62.12 ± 3.70

3.42 ± 0.24

11.013 ± 0.60

40 µM

104.27 ± 11.06

50.48 ± 6.52

76.05 ± 10.19

47.95 ± 1.71

66.97 ± 2.55

71.83 ± 2.45

3.55 ± 0.38

10.53 ± 0.82

60 µM

81.75 ± 5.35

33.58 ± 5.38

B

51.42 ± 7.64

40.92 ± 5.68

65.92 ± 4.70

62.20 ± 7.67

3.00 ± 0.28

10.08 ± 1.20

80 µM

74.12 ± 4.82B

27.12 ± 3.77

39.35 ± 4.91A

35.85 ± 2.85

68.75 ± 2.37

52.05 ± 3.33

2.68 ± 0.40

9.63 ± 1.91

100 µM

87.42 ± 8.12

34.79 ± 6.79

52.26 ± 9.13

38.89 ± 5.20

66.52 ± 3.89

57.43 ± 6.21

3.17 ± 0.21

11.11 ± 1.01

B

ABC

ABC

ABC

AB

ABC

AB

B

AB

The letters (A, B, C) in the same column show significant (P < 0.0125) differences between the groups.

The data only at 144th h belonging to other
spermatological parameters are given in Table 3. When
compared with the control values, statistically significant
diminutions in dead (only at 400 and 800 nM groups)
and tail abnormality (only at 200 nM, 800 nM and 40
µM groups) values but statistically significant increment
(only at 400 nM group) and decrement (only at 80 µM
group) in HOS value were detected in C60HyFn groups (P
< 0.0125). Moreover, like in total, progressive motility and
static spermatozoon parameters, while all doses between
100 nM and 40 µM provided numerical (some of them
is statistical) decreases in dead spermatozoon ratio and
in tail and total abnormal spermatozoon ratios as well as
increases in HOS ratio; however, 25 nM, 50 nM, 60 µM, 80
µM, and 100 µM doses had opposite effects in comparison
to the control group.
4. Discussion
Spermatozoon plasma membrane is the primary
target for cryopreservation damage [23]. Temperature
change occurring through cool-storage and freezethawing processes entails physical and chemical stress
in mammalian spermatozoa, causing changes in the
lipid composition of plasma membrane [24, 25]. Ram
spermatozoa are more sensitive to cold-shock damage

than those of bull, rabbit and even human [6]. The low
cholesterol/ phospholipid ratio and high unsaturated fatty
acid level in the spermatozoon plasma membrane of rams
are shown to be possible reason for this sensitivity [5]. The
most important biochemical reaction occurring through
cool-storage of semen is peroxidation that is formed in
lipids due to an increase in ROS levels [2,3]. Unsaturated
fatty acids are the most exposed molecules to ROS attacks,
and ram spermatozoa are extremely sensitive to increased
ROS-induced LPO damage during cool-storage, as they
are rich in unsaturated fatty acids [2,4]. On the other
hand, not only the ROS but also the diluent used in storing
the semen in liquid and frozen forms was effective on the
damages and it was reported that the diluents that gave
the least damage to the ram spermatozoa are tris + egg
yolk and tris + soy lecithin [8]. To minimize the diluent
effect, tris + egg yolk extender was used in this study.
Besides, since the effect of any substance on the short-term
storage of semen is mostly evaluated considering the data
at the end of the storage period, the data obtained in the
144th h in this study were taken into consideration in the
discussion section.
Since antioxidants have effective roles in preventing
damages caused by increased ROS levels [2,4], it has been
reported that different antioxidant substances [3, 26-28]
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Table 3. Some spermatological parameters belonging to control and hydrated C60 fullerene (C60HyFn)-supplemented ram semen at the
end of short-storage period (144th h) at 5 °C.
Spermatological parameters

Total

Damaged
acrosome ratio
(%)

HOS
(%)

3.33 ± 0.50

7.91 ± 0.44AB

2.13 ± 0.32

31.00 ± 2.48BC

4.75 ± 0.54

3.50 ± 0.43AB

8.25 ± 0.85AB

1.00 ± 0.29

30.33 ± 4.50BC

23.00 ± 1.76

4.67 ± 0.48

3.50 ± 0.81

8.17 ± 0.90

1.00 ± 0.22

28.50 ± 0.91CD

100 nM

18.50 ± 1.65AB

3.17 ± 0.94

2.25 ± 0.54AB

5.42 ± 1.25A

1.67 ± 0.25

35.50 ± 0.18B

200 nM

18.25 ± 2.04

3.92 ± 0.49

1.58 ± 0.20

5.50 ± 0.67

1.17 ± 0.31

37.33 ± 2.16AB

400 nM

16.33 ± 1.22B

3.67 ± 0.42

2.75 ± 0.70AB

6.42 ± 0.89AB

1.50 ± 0.72

41.17 ± 3.27A

800 nM

16.25 ± 0.98

4.33 ± 0.84

2.08 ± 0.20

AB

6.41 ± 1.02

1.17 ± 0.28

39.50 ± 4.29AB

1 µM

19.00 ± 0.90AB

4.40 ± 0.81

2.80 ± 0.41AB

7.20 ± 1.08AB

0.80 ± 0.37

36.17 ± 4.93AB

5 µM

AB

18.92 ± 1.70

4.67 ± 0.76

2.08 ± 0.49

AB

6.75 ± 0.87

1.33 ± 0.44

35.50 ± 3.93B

10 µM

19.58 ± 0.95AB

4.00 ± 0.86

2.00 ± 0.63AB

6.00 ± 0.93AB

1.75 ± 0.17

32.83 ± 3.01BC

20 µM

19.58 ± 1.72AB

4.08 ± 0.78

2.33 ± 0.21A

6.41 ± 0.93AB

1.33 ± 0.36

35.17 ± 4.66BC

40 µM

19.75 ± 2.61

4.42 ± 0.82

3.13 ± 0.52

7.25 ± 1.11

1.25 ± 0.52

32.25 ± 3.56BC

60 µM

24.00 ± 1.84A

4.00 ± 0.50

5.00 ± 3.00AB

9.50 ± 1.12B

1.75 ± 0.11

28.67 ± 1.52C

80 µM

A

23.50 ± 2.01

6.25 ± 1.31

3.50 ± 0.95

B

9.75 ± 1.55

1.38 ± 0.62

24.83 ± 1.70D

100 µM

25.67 ± 2.18A

4.33 ± 0.33

4.42 ± 0.42B

8.75 ± 0.54B

1.50 ± 0.45

28.00 ± 4.00CD

Group

Dead spermatozoon
ratio (%)

Abnormal spermatozoon ratio (%)
Head

Tail

Control

A

22.29 ± 1.02

4.58 ± 0.26

25 nM

23.00 ± 2.66A

50 nM

A

AB

B

AB

B

AB

A

A

AB

AB

AB

AB

A

AB

The letters (A, B, C, D) in the same column show significant (P < 0.0125) differences between the groups.

added to the diluent during the short-term storage of
ram semen reduce the increased LPO and also increase
the decreased total antioxidant capacity induced by
cool-storage. It is known that C60 fullerene and its some
derivatives provide effective protection against oxidative
stress in vitro and in vivo without creating acute or
subacute toxicity [29,30]. In the study conducted in goat
epididymal spermatozoa, increments in glutathioneperoxidase, glutathione-reductase, and superoxide
dismutase activities as well as decrement in LPO level in
spermatozoa supplemented with 1, 10, or 100 µM fullerenol
during incubation period at 32 °C for 3 h were found
[31]. In addition, a current evidence has suggested that
C60HyFn is able to protect boar spermatozoa against ROS
injuries and energy insufficiencies by preventing protein
dephosphorylation via the cAMP-PKA signalling pathway
during cool-storage [18]. Although oxidative stress
markers were not measured in this study, our unpublished
data showed that each dose of C60HyFn between 100 nM
and 40 µM provided significant reductions in LPO and
significant increments in antioxidants such as glutathione,
glutathione-peroxidase and catalase in frozen-thawed
ram semen compared to the values in control. Findings of
Murugan et al. [31], Li et al. [18] and our unpublished study
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clearly show that C60HyFn has potent antioxidant effect
against oxidative stress caused by liquid-storage at low
temperature and freeze-thawing process in mammalian
semen.
Considering the studies investigating the effects of
antioxidants on spermatological parameters during the
short-term-storage of ram semen at low temperature, it
has been seen that the addition of argan oil to tris- and
milk-based diluents provided significant increases in
progressive motility, vitality, and membrane integrity for
48 h compared to control [26], and 1 mM cysteamine and
0.5 mM lycopene supplementations increased the motility
for 48 and 72 h, respectively in comparison to control
[3], and 5 mg bovine serum albumin addition to semen
extended with tris protected motility, membrane integrity,
and acrosomal structure until the end of the 72nd h versus
control [27]. Likewise, at the end of 72 h storage period
at 4–5 °C when compared with the their control values,
it was demonstrated that trehalose (10 and 25 mM) and
4 mM cysteine are effective in the protection of motility,
vitality, acrosomal structure, and mitochondrial activity
[32], and curcumin (0.5 and 1 mM) and eugenol (1 mM)
provided significant protection in motility, normalshaped spermatozoa ratio, membrane intactness and
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DNA integrity [33], and 50 mM trehalose addition has
beneficial effect to maintain normal-shaped spermatozoa
ratio at high level [34]. Moradi et al. [35] have alleged that
royal jelly supplementation to diluted ram semen prevents
significantly the diminutions in vitality, VSL, and the
damages in membrane integrity for 120 h storage-period
at low temperature by reducing reactive nitric oxide levels
compared to the control. In a study performed by Dai et
al. [28], the subjective motility, membrane integrity, and
mitochondrial activity values of ram spermatozoa in tris
+ egg yolk diluent containing 0.05 or 1 mM melatonin
were found to be high than those of control group at the
end of the 6th day of cool-storage period. Beyond the
general beneficial effects of antioxidants added to the ram
semen during cool-storage, it has also been reported that
supplementation of some antioxidants like vitamin E and
β-mercaptoethanol could decrease the progressive motility
and vitality [36], L-arginine (0.1, 0.5, 1 and 5 mM) [37], 50
mM taurine, 5 mM glutathione [38], and 0.6 mM butylated
hydroxytoluene [34] have no effects on parameters such as
motility, vitality, and abnormality. In this study, at the end
of 144 h storage-period, when compared with the control,
although each of C60HyFn doses used between 100 nM and
40 µM had slightly positive effects on total and progressive
motility, the ratios of spermatozoa with static, dead, tail
abnormality, and total abnormal spermatozoon ratio and
membrane integrity; however, 25 and 50 nM doses had no
effect and 60 µM and higher doses had slightly negative
effects on these parameters. Moreover, the effects of
some of these doses on some parameters were also found
statistically significant. However, in terms of kinematic
and other analysed parameters, these doses couldn’t show
the same effects as mentioned above. In other words, some
of the doses between 100 nM and 40 µM had no positive
effects though some of the doses between 60 and 100 µM
had no negative effects. In accordance with our results, in
a study, where 10, 20, 30, 40, 100, or 200 µg / mL C60HyFn

were added to native human semen and left incubation
for 1–3 h at room temperature, it was determined that the
doses of 10 and 20 µg / mL provided significant increases
in spermatozoon motility but not spermatozoon DNA
and membrane integrity, and 40 µg / mL and higher doses
decreased motility and damaged spermatozoon DNA and
membrane integrity compared to control [17]. Similarly,
in a recent study [18], it was observed that the addition
of 1, 2, 3, or 4 µg / mL C60HyFn to boar semen stored at
4 °C resulted in higher motility, acrosome integrity, and
mitochondrial activity at the end of the 10th day. The main
underlying mechanism for the positive effect of C60HyFn
through short-term storage of ram semen is strongly
related to the prevention of peroxidation of lipids in the
spermatozoon plasma membrane thanks to reducing the
increased ROS induced by cool-storage with its strong
antioxidant feature. Moreover, keeping the ATP level at a
high level by C60HyFn may accompany the maintenance of
motility during short-term storage. On the other hand, the
possible hypothesis for the effect of C60HyFn on reducing
the ROS level may be that it shows affinity to the electrons
on the surface of the spermatozoon plasma membrane
[18]. Slight negative effects observed at some high doses
can also be explained by an overdose.
Consequently, adding any C60HyFn dose between 100
nM and 40 µM to ram semen may be beneficial to keep
some spermatological parameters at high level during the
short-term at 5 °C.
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